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Introduction  
Collaboration is a well-studied topic in the supply chain literature. Most of the studies consider 
collaboration with regard to the supply chain structure, e.g. see Simatupang and Sridharan (2002), 
information sharing technologies and practice, e.g. see Attaran and Attaran (2007); Jayaraman, Ross 
and Agarwal (2008) and relationships between supply chain members, e.g. see Bensaou (1999), Hoyt 
and Huq (2000), Whipple and Russell (2007), Bordonaba-Juste et al., (2009). More recently, there have 
appeared an increasing number of papers that considers collaboration in the context of sustainability 
and environmental management, e.g. (Zsidisin and Siferd, 2001; Grekova et al., 2016; Chen et al., 
2017), as well as a limited number of studies in the context of the circular economy, e.g. see literature 
review of Batista et al., (2018) and Govindan and Hasanagic (2018). 
As companies create business relationships with multiple business partners, they participate in 
multiple supply chains  (Soosay and Hyland, 2015). Naturally, there is a variety of collaboration levels 
between a company and its suppliers and customers or other businesses (Ralston, Richey and Grawe, 
2017), and collaboration occurs between independent, geographically dispersed companies. This is 
especially true in circular supply chains, which consists not only of forward and reverse flows, but also 
flows to alternative supply chains (Vlajic, Mijailovic and Bogdanova, 2018), where useful waste and 
by-products are exchanged (Batista et al., 2018). However, characteristics of these flows, as well as 
nature of collaborative relationships between companies is not given sufficient attention in the supply 
chain management literature. Moreover, although collaboration is one of the key pillars of the circular 
economy and circular supply chains (De Angelis, Howard and Miemczyk, 2017), as far as it is known to 
the authors of this study, only a few studies of industrial eco-parks and industrial symbiosis considered 
collaboration as a central issue, see Herczeg, Akkerman and Hauschild (2018).  
This paper is organized as follows: in the literature review, we first present concept of the circular 
supply chains, and after that a literature review on collaboration. The literature review section 
concludes with suggestions from the literature on collaboration in circular supply chains. These 
suggestions are explored in a case study of the fresh food processor, and some initial findings are 
presented. The paper ends with the conclusion and future research directions. 
 
Literature review  
 
Circular supply chains 
The circular economy refers to "an industrial economy that is restorative by intention” and “aims to 
rely on renewable energy; minimises, tracks, and hopefully eliminates the use of toxic chemicals; 
and eradicates waste through careful design", (Webster, 2015, p. 52). The circular economy can be 
seen on three levels of initiatives: corporate-level (micro level), symbiosis associations (meso level) 
and city, province or state level (macro level) (Su et al., 2013).  Micro level initiatives correspond to 
initiatives in circular supply chains (Nasir et al., 2017).  (Vlajic, Mijailovic and Bogdanova, 2018, p. 
523) define a circular supply chain as “a connected network of organisations involved in the design 
and management of value-adding processes and value recovery of a product, component or 
material”. Both, value-adding and value recovery activities aim to fulfil economic, social or 
environmental benefits for the companies involved, as well as for a society (Lieder and Rashid, 
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2016). (Batista et al., 2018) suggest that any study of circular supply chains considers the 
coordinated forward as well as the reverse flows. 
Value-adding activities occur within the forward logistics flows, usually in a supply chain within the 
same sector. These activities are subject of resource reduction. (Carter and Ellram, 1998, p. 86) 
define resource reduction as “the minimization of waste which results in more efficient forward and 
reverse distribution process”. Typical practices in resource reduction consider the design of eco-
efficient products and production processes, the use of economy-of-scale and the increments of 
efficiency in production and logistics processes (Chopra and Meindl, 2016), as well as green or 
environmental purchasing (Zsidisin and Siferd, 2001; Eltayeb, Zailani and Ramayah, 2011). 
Value recovery activities occur typically in reverse flows, and these flows take form of open or closed 
loops (Vlajic, Mijailovic and Bogdanova, 2018). Moreover, Weetman (2017) further classify that open 
loops as those that sink in within the same sector (within sector loops) or to another sector (cross-
sector loops), suggesting existence of both, vertical and horizontal flows. Typical practices in value 
recovery are related to reuse, remanufacturing, recycling, i.e. to recovery of products, components 
and material, respectively. As value recovery also considers the use of by-products and useful waste, 
as they can be sold to other customers in alternative chains, (Batista et al., 2018) proposed that 
circular, open loop supply chains are part of the forward logistics flows. 
 
 
Figure 1: Flows in circular supply chains 
 
These flows in circular supply chains are product of various types of collaborative relationships in 
circular supply chains. However, except a few studies focused on industrial eco-parks (Herczeg, 
Akkerman and Hauschild, 2018), in the available literature on circular economy and circular supply 
chains (Su et al., 2013; Genovese et al., 2017; Nasir et al., 2017; Batista et al., 2018; Govindan and 
Hasanagic, 2018), there are no studies that investigate what kinds of collaboration results in successful 
circular flows. 
Thus, to form propositions on collaboration in circular supply chains, we explore more general 
literature on collaboration in supply chains. 
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Collaboration in supply chains 
Collaboration is an amorphous meta concept that has multiple interpretations in supply chain theory 
and practice (Barratt, 2004). In this paper we focus on two angles: a structural view and a relationship 
view. 
 
 Structural view 
In relation to the supply chain structure, collaboration is considered as internal (intra-organizational) 
or external (inter-organizational) (Kache and Seuring, 2014). This classification also can be further 
classified to vertical, horizontal or lateral collaboration (Simatupang and Sridharan, 2002). 
Internal collaboration occurs between different functions of a company. The most often used practice 
of internal collaboration is the formation of cross-functional teams, often enabled by integrated 
information systems (Vickery et al., 2003). Though internal collaboration benefits the creation of 
internal integration and performance improvement, there is a risk of organizational silo (Barratt, 
2004). Barratt also states that internal integration needs to be linked with external collaboration, 
upstream and downstream of the supply chain to gain the most benefits, which is confirmed in the 
body of literature (Kache and Seuring, 2014).  
External collaboration occurs between the company and its business partners. Depending on the 
position of the business partners in the supply chain, external collaboration is seen as vertical or 
horizontal. Vertical collaboration occurs along the supply chainAn, i.e. between a company and its 
suppliers and customers, while horizontal collaboration occurs between a company and its 
competitors or other organization in the same sector. Forms of vertical, external collaboration 
downstream, with customers (in downstream part of the chain) is Customer Relationship 
Management (CRM), Collaborative demand planning, Collaborative planning, forecasting and 
replenishment, Demand replenishment and shared distribution, while upstream examples of external 
collaboration are Supplier Relationship Management (supplier development, VMI, CRP), Supplier 
planning and production scheduling, collaborative design and new product introduction and 
collaborative transportation (Barratt, 2004). While there is a large body of research on vertical 
collaboration, horizontal collaboration received only limited attention, mostly in studies on distributor 
integration (Simchi-Levi, Kaminsky and Simchi-Levi, 2008), horizontal integration in transport 
(Cruijssen, Dullaert and Fleuren, 2007), and transhipment, i.e. collaboration in the cases of emergency 
deliveries between retailers (Evers, 1997; Herer, Tzur and Yücesan, 2002). Simatupang and Sridharan 
(2002) introduced also lateral collaboration, as mix of horizontal and vertical collaboration. This kind 
of collaboration is promising, as work to enhance both, vertical and horizontal collaboration can result 
in competitive and sustainable solutions (Reniers, Dullaert and Visser, 2010).  
While vertical and internal collaboration received a lot of intention in the supply chain and logistics 
literature (Chen et al., 2017), research on horizontal collaboration as well as research on lateral 
collaboration is still in its infancy (Soysal et al., 2018). 
 
 Relationship view 
External collaboration is often analysed in the supply chain management literature by considering 
relationships between companies in the same supply chain, i.e. their closeness. Closeness ranges from 
the arms-length transactions to close relationships between supply chain partners.  
‘Arms-length’ relationship is the earliest type of collaboration, as well as the simplest one (Hoyt and 
Huq, 2000) and the most common (Simchi-Levi, Kaminsky and Simchi-Levi, 2008). This type of a 
relationship is characterised by repeated transactions over time with the same buyer or supplier 
(Whipple, Lynch and Nyaga, 2010) while there is little or no investment in assets and minimal 
information exchange (Hoyt and Huq, 2000). In the literature on outsourcing, one type of arms-length 
relationship is out-tasking, typically employed for non-strategic relationships. Out-tasking means that 
the responsibility for the performance of a designated task (for example, handling returned inventory 
or product disposal) is assigned to an outside business partner (Sanders et al., 2007). 
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There are different opinions what kind of relationship is on the other end of the spectrum of 
collaborative relationships: joint venture (Lambert, Emmelhainz and Gardner, 1999), vertical 
integration (Barratt, 2004), strategic partnerships (Simchi-Levi, Kaminsky and Simchi-Levi, 2008), 
full/comprehensive outsourcing of complete function to the third-party provider (Sanders et al., 
2007), collaborative process management (Whipple and Russell, 2007) or collaborative relationships 
(Whipple, Lynch and Nyaga, 2010).  
Between these end positions on collaboration, literature suggest various levels and types of 
partnerships (Lambert, Emmelhainz and Gardner, 1999; Cruijssen, Dullaert and Fleuren, 2007; Simchi-
Levi, Kaminsky and Simchi-Levi, 2008), outsourcing (Sanders et al., 2007), or information sharing 
(Attaran and Attaran, 2007). 
 
Collaboration in circular supply chains: research issues 
Collaboration in supply chains is seen as one of major accelerators of circular economy and circular 
supply chains (Weetman, 2017). In this context, industrial eco-parks and industrial ecology are seen 
as a good example of collaboration between companies to achieve sustainability goals (Reniers, 
Dullaert and Visser, 2010). This is especially a case when they are part of regional industrial area, as 
companies in proximity of each other can easier establish trust and coordination (Sterr and Ott, 2004). 
However, the majority of companies belongs to different supply chains and they are often dispersed 
geographically, or they are in the same region but not in the same industrial area. 
Next, most of the research in the area of supply chain management and collaboration is done in the 
context of large companies (Bordonaba-Juste et al., 2009). However, according to Rhodes (2015), 99% 
of companies in the UK belong to small and medium companies (SMEs). These companies have less 
resources, are unable to make  investments into modern information systems and technologies 
(Bordonaba-Juste et al., 2009). Moreover, specific collaborative relationships, such as outsourcing are 
not desirable, as outsourcing as collaborative strategy is especially risky for SMEs (Sanders et al., 
2007). 
As circular flows consist of forward flows extended by the closed or open, cascading loops (Batista et 
al., 2018), there are implications for the creation of both vertical and horizontal collaborative 
relationships that would enable these flows. Thus, the first goal of this study is to investigate what 
kind of structural collaborative relationships exists in circular flows. Next, while (Weetman, 2017) 
states that major companies can use their scale and vertical integration to help drive circularity into 
the mainstream, there are no insights whether the vertical integration would be suitable for SMEs. 
The second goal of this study is to investigate closeness of relationships in circular flows, i.e. 
collaboration that enables resource reduction and value recovery. 
 
Methodology 
To answer the question: “What kind of relationships and collaboration practices enable creation of 
circular flows?”, we conducted an exploratory case study. An exploratory case study is useful for 
defining propositions of a subsequent study (Seuring, 2008), and a single case can provide an 
opportunity to observe and analyse a phenomenon and is a starting point of multiple case studies (Yin, 
1994). The case study enables us to conduct a close observation of operations and to map value adding 
and value recovery processes in the first stage. In the second stage, we make a connection between 
the value adding and value recovery processes in terms of relationships between the focal company 
and its business partners. 
As a first case, we selected a processing company in food industry. The food industry is chosen due to 
estimated huge potential for circular economy gains - Ellen MacArthur Foundation estimates that 
consumption of primary material in EU can be reduced 32% by 2030 and 53% by 2050 in food industry 
(Ellen MacArthur Foundation, 2015). Processing companies might have operational capacity to 
conduct both, value-adding and value recovery processes, and they typically have multiple suppliers 
and buyers. Thus, they are good candidates for 1) exploration of both, internal and external 
collaboration types, and 2) exploration of both, vertical and horizontal collaboration, as use or sale of 
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these by-products is subject of both, vertical and horizontal collaboration. Moreover, there is a variety 
of relationships and collaboration types when a company has multiple business partners. 
 
Findings 
The selected food processor belongs to medium size company, and the main processes in the company 
are split to three parts: 1) crops and vegetable production, 2) vegetable washing, packing and 
processing, and 3) waste recovery and energy production in Anaerobic Digester (AD). Types of 
products and corresponding flows, as well as business partners are presented in Table 1. 
Preliminary analysis of the case shows that the company has both vertical and horizontal flows with 
multiple business partners in the food sector and in other sectors, as well as established paths for 
internal flows and that the company uses both, resource reduction and value recovery processes. 
Based on Table 1 and Table 2, we can draw preliminary conclusions: 
 Flows and collaboration related to resource reduction 
Resource reduction takes place internally, as well in collaboration with key suppliers and key 
customers. However, collaboration practices for resource reduction differ: Internally, the processor 
vertically integrated its functional parts: crops and vegetable production, vegetable processing and 
recycling and energy recovery via AD. Integration of the functional parts results in increased efficient 
processes, as well as in energy production that is used for company requirements and export to the 
electrical network. Externally, though the food processor uses arms-length transactions, it cultivates 
relationship with the suppliers by developing trust, sharing knowledge and steering suppliers towards 
joint objectives. This is also a result of geographical and temporal circumstances: most of the 
producers are in the same region, their farms are typically family businesses passed down from one 
generation to another and there is a history of doing business together. Interestingly, via non-
contractual, informal relationship, the processor receives waste from poultry farms for free, which is 
used as feed for AD. Considering upstream relationships with key customers, there is also closer arms-
length relationship: large retailers have supplier development programmes which are used to help the 
food processor in improving the quality and preservation of the products, use of packaging as well as 
delivery service. Packed food products are sold via large retailers, and the loop closes via food recycling 
organized by the local waste management company or food redistribution of food recycling organized 
by the retailer itself. Another observation is related to the horizontal, cross-sector collaboration: the 
food processor has a weekly service from the AD manufacturer that helps optimization of the AD, and 
consequently the highest yield of electrical energy. 
 Flows and collaboration related to reuse processes 
The reuse process is observed both, internally and externally. Internally, the main by-product of 
washing root vegetables (waste water) is reused in the fields, while externally, food processor 
collaborates with local farmer to obtain surplus of barley, which is used as feed for AD. This is 
considered as reuse for another purpose, as barley can contribute to the value adding process. 
Downstream, small quantities of surplus products and first products in batches are regularly sent to 
the food bank. This is a voluntary act, non-contractual relationship and collaboration. All other unsold 
products are sold to alternative customers, such as retailers, wholesalers, canteens, food services. 
These are non-contractual relationships as well, as the quantities, the quality of products and the type 
of product available are uncertain. However, again geographical and temporal circumstances play a 
role in transactions: the food processor has a list of potential customers, who are contacted when 
needed. 
 Flows and collaboration related to recycling process 
Recycling processes are observed in both internal and external flows. All low quality and waste 
products that result from processing activities are transported to the AD, together with by-products 
and special material obtained for other growers and farmers. Thus, recycling is enabled by the vertical 
internal integration, as well as vertical non-contractual collaboration with suppliers. 
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Table 1: Value-adding and value recovery activities and flows in circular supply chain of a fresh food processor  
Fl
o
w
s Types of products 
 
Business partners 
Key products (fresh 
vegetables and prepared 
vegetables) 
Surplus, second rated 
products, higher 
quality returns  
Crops Waste, by-products (plants) and 
low quality products 
By-products: 
Waste water 
In
te
r.
 Focal company Resource reduction: process 
efficiency, max of yield, 
product preservation 
   Recycling (on the field, AD) 
 Energy recovery (AD facility) 
 Resource reduction (Energy) 
Use for another 
purpose (Fields 
watering) 
V
er
ti
ca
l 
Key suppliers (growers and 
farmers) 
Resource reduction: process 
efficiency, max of yield, 
product preservation 
 Use another 
purpose: 
(barley,AD) 
 Recycling and energy 
recovery (AD facility) – feed: 
Waste (poultry farms) 
 
Key customers (large retailers) Resource reduction: max of 
yield, product preservation 
    
Alternative customers (food 
services, retailers, wholesalers) 
 Reuse (discounted 
sale) 
   
H
o
ri
z.
 Alternative customers (other 
food processors) 
 Reuse (discounted 
sale) 
   
Organizations in other sectors 
(e.g. equipment manufacturers) 
   Energy recovery (AD facility: 
optimal digestibility) 
 
Other Organizations in the sector (e.g. 
food banks, NGOs) 
 Reuse (donations)    
 
Table 2: Collaboration types in circular supply chain of a fresh food processor  
Forward flow: Value adding Reverse flows: Value recovery 
Resource reduction  
Reuse for another 
purpose 
Reuse Recycling 
Vertical collaboration -  external: 
- upstream (joint objectives: crop rotation – with producers, waste reduction) 
- downstream (“supplier development” by the retailers: productivity, waste reduction)  
Vertical collaboration – internal integration: Production (crops), processing (vegetables, waste) 
and waste recovery + energy production (AD facility)  
Horizontal collaboration – external: 
- Other sector (arms-length transactions: Equipment producer + service) 
Horizontal collaboration – external: 
- Within the sector: non-contractual transactions 
Vertical collaboration - 
internal:  
integration of 
- waste recovery/ 
energy production 
- crops production  
- waste management 
Vertical collaboration 
- external:  
- downstream 
(arms-length 
transactions) 
- non-contractual 
transactions 
Vertical 
collaboration - 
internal:  
integration of 
- production 
- waste 
management  
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Conclusion  
The focus of this study is the collaboration in circular supply chains. As the literature review shows, 
despite 1) the significant contributions on collaboration in supply chain management literature and 2) 
collaboration being one of the major pillars of circular economy, research on collaboration in circular 
supply chains is in its infancy. Though the first studies focus on industrial eco-parks and collaborative 
efforts, research on geographically dispersed locations of supply chain members requires attention.  
To fill in the gap in research on types of collaboration in circular supply chains, we explore circular 
flows and collaboration that enables these flows on the example of a food processor. 
Our preliminary findings show that circular flows are 1) enabled by both, vertical and horizontal 
collaboration, within and cross-sector, 2) most of the collaborative efforts are invested in resource 
reduction and 3) value recovery is mostly done in vertical collaboration. These findings will be tested 
and deepened through the study of cases of other food companies that differ in size. Particularly, the 
influence of external factors (e.g. regulations, climate, culture, etc.) will be explored on the food 
companies in other geographical locations, such as Taiwan. 
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